The idea of supercavitation attracts the attention of creators of high velocity underwater vehicles as a fundamental way to reduce hydrodynamic resistance, and first of allfriction resistance. Consequently, it may to increase the velocity of vehicle significantly. One of the main tasks the supercavitation researches are including problems organization and calculations flows, cavitational drag forming and it is decreasing. The mover system as whole is complicated different aggregates using for energy consumption for drag overcoming and quantity of gas injection for ventilated cavern. But in spite of there are many theoretically research of cavity the fact that since the research by H. Reikhardt [1] does not active proceeding in the using cavity for underwater moving with high velocity. He obtained the basic tenet and equations for the formation of the supercavity.
INTRODUCTION
The idea of supercavitation attracts the attention of creators of high velocity underwater vehicles as a fundamental way to reduce hydrodynamic resistance, and first of allfriction resistance. Consequently, it may to increase the velocity of vehicle significantly. One of the main tasks the supercavitation researches are including problems organization and calculations flows, cavitational drag forming and it is decreasing. The mover system as whole is complicated different aggregates using for energy consumption for drag overcoming and quantity of gas injection for ventilated cavern. But in spite of there are many theoretically research of cavity the fact that since the research by H. Reikhardt [1] does not active proceeding in the using cavity for underwater moving with high velocity. He obtained the basic tenet and equations for the formation of the supercavity.
It is well known that the usual supercavity shape is represented as ellipsoid. Velocity on it surface is follows:
The body-cavity drag coefficient is proportional to number of cavity C d ∼ σ. It is taken that for ordinary supercavity this coefficient follows:
where C do -coefficient of drag when σ = 0;
The basic formulas by Reikhardt alone had been refined for the various test conditions. An expanded concept about the current status of research supercavitation presented by V. Serebryakov [2] and E. Paryshev [3] well. The practical use science research of supercavitation are realized at the first high-speed Russian underwater rocket "Shkval" [4, 5] . But until the present time no evidence that the cavity may be controllable yet.
The paper an overview of an investigation of controlled cavity flow and it boundary formed by a hydrodynamic singularities. In the late (19)40s M.J. Lighthill [6] has been proposed to use the hydrodynamic singularities for formed boundary cavity with negative cavitation number.
Several of plane problems solved about cavity under the effect of vortex more recently. For example, V. Migachev [7] solved such a problem under of the pairs of vortex. In Moscow State University (MSU) V. Prokofiev [8] solved a problem about cavity past a flat plane with using the Lighthill`s method. In MAI E. Maraqulin [9] solved the analogous problems using scheme by Afros method. For cavity with positive and negative cavitation number was solved problems about the horizontal cavity flow past a body of revolution formed by axisymmetric ring vortex for confirm theoretical Lighthill`s idea in [10] . Systematic physical experiments of cavitation flows formed according to Lighthill method were conducted in Moscow State University (MSU) by Professor Vladimir F. Shushpanov and his colleagues in MAI [11] . Shushpanov showed the first that cavity formed by the hydrodynamic singularities -ring type wing (annular airfoil) and others hydrodynamic singularities is mach-parametric flow and depend on the geometrical ring wing, cavitator and they interrelated.
Fig.1 Cavern by Lighthill with negativ cavitation number (Experiment by Sushpanov)
Theoretically and experimentally the similar flows were received with use a ring type wing [12, 13] . We named such cavitation flows as "Lighthill-Shushpanov flows". Figure 1 shows the first Lighthill΄s practical cavern. It received by the use the practical ring hydrodynamic singularities -a ring water scoop.
PROBLEM FORMULATION

Bases of approaches
Examine the task for the horizontal cavity flow past a body of revolution formed in the horizontal potential streaming, incompressibility and imponderable ideal liquid when ring wing is affect upon cavity forming a unified combination "body -ring wing -cavity". Here the number of cavity σ may be positive and negative. Figure 2 is illustrated in cylindrical coordinate system (x,r,ϕ) the picture of cavitation flow formed by ring wing and coordinate system. Points Q belongs to the bodycavitator, cavity and ring wing; point P -in outward flow accordingly.
Fig.2 Schematic of the combination " cavitator -ring wing -cavern"
Based on a principle of superposition the characteristics this combination is represented by sum non-disturbance and disturbance stream functions for streamlining this combination. It may be written as follows [15] :
where indexes b, w and σ relate to body-cavitator, ring wing and cavern accordingly.
Composition a mathematical model and solution the task used continuous surface a ring type singularities -vortices layer with unknown an intense γ -to form the body, ring wing and cavern as unitary body. It is know what mathematics a ring type wing is doubly the spatial arrangement and the vortex layer method allows to use the ring wing with anyone camber hydrofoil profile well. But contour of profile is bound to be smooth everywhere by Lapunov, except the back selvage (tip) of profile. For it is γ w = 0. The stream function with radius η of vortex layer for each component in formula (3) is defined during numeric investigation of this task:
is the unknown density function of vortices layer singularities; ds = η dφ dl; R is the meaning of radius of vortices layer.
Characteristics symmetrical flow-around of combination body of revolution and ring wing
At the first step using method of vortices layer is used in estimate the ratio of velocities on the surface this combination in non-separation flow. The common value of stream function for this case is follows [15] :
, (6) where R b (P,Q b ), R w (P,Q w ) -distance from point Р(х,r) in region flow to points at surfaces body Q b and ring wing Q w .
The equation (4) in terms of the equation (5) can be solved for the combination of bodies if to make use the borderline conditions:
-the surfaces of body, wing and cavity are impenetrability:
-stream function at the borderlines is constant:
ψ⏐ S = 0; -change of tangent velocity is:
where⎯n and⎯τ -is unit vectors to the meridional bodies contour.
For combination two axisymmetrical body a limiting values of normal derivative of stream function will be difference on the outside and inside body and ring wing surfaces.
for surface body may be written:
where R(Q 0b , Q w ) is distance between point Q 0b ∈ S b and point Q w ∈ S w , indexes e and i -is outside and inside accord- 
In cylindrical coordinate system distance between Q 0 and Q is:
, where
If mark: On condition that vortices intensity are equal the sum tangent speed in points on surfaces body and ring wing and there is jump in going over of vortex layer surfaces may be present equations for distribution of velocity γ(Q) on surface for body and ring wing are follows [16] : Hereafter application of the method of vortex layer allows estimate the ratio of velocities on combination the body of revolution (cavitator) and a ring type wing.
Characteristics symmetrical flow-around of Combination: "body -ring wing -cavern"
Let's assume that the cavitation flow formed by the ring type wing may correspond to cavitation figures σ > 0 and σ < 0; that cavern boundaries lock at flow axis or on body surface may be taken the additional condition. When using equation (1) for cavitation velocity and it is felt that V ∞ ≡ 1, interdependencies derivable from (9), we can compose the system of integral-differential equations for solution the task (4). It may be written as follows: In this task diameter D (see Fig.2 ) may be unknown, on it surface velocity is variable from γ σ ≡ V σ to velocity stream V ∞ ..In practice diameter D is given, when the length of cavern and number of cavity is determined. If should be given the length of cavern L σ , when defined number of cavity σ for this length.
∫∫
System of equations (10abc) is makes possible a difference cavity forms with positive and negative cavity numbers.
The equations (10ab) are solved and using the conditions of impenetrable at boundary the body, ring wing and cavity, and condition ψ = 0 on it surfaces. Figure 3 is illustrated the calculating picture of cavitation flow past a body of revolution in vertical gravity flow. It formed by a ring type wing also. The system equations for vertical flow should be designed with due regard for gravity influence. It may allow for dynamical boundary condition for quasi time and p(σ) t = const. Then velocity flow along axial may be determined by Bernoulli's law as:
Characteristics flow-around of combination "bodyring wing -cavern" in vertical flow
const Fr The system of deciding equations for this case will be analogous of systems (10abc) under suitable conditions of the cavern boundaries closing.
NUMERICAL SIMULATION
Existing mathematical models which describe the cavitation flow as equations system (10abc) allow define all its characteristics. For fully wetted flow it was found that the present method yields good predictions for practical interest. However, numerical difficulties can occur if too much singularity is used to model the body and a ring type wing. The solution system of the nonlinear integral-differential equations by Fredholm's type (10abc) is realized numerical method with a computer. For this the surface integrals in this system may be converted by a series of integrals identity to the finishing forms has been arrived. Here may be use different approaches, for example it is [17] It should be system of linear algebraic equations and it solved by the squaring formula. It is necessary to use a splaine fit function also in order to determine the accuracy of the present method for surface velocity distributions on body, ring wing and cavity boundaries with exact analytic solutions [18] .
Here is represent examples of numerical solutions of free boundaries for different schemes of cavern formed by ring wing taken positive and negative cavitation numbers. Details of method of solution equations (10abc) are given in [12, 14] . For example Fig. 4 and Fig.5 illustrates the results of numerical calculations approximate of reality cavity forms formed past disk and cone. On Fig.4 shows a cavity with positive number cavity, on Fig. 5 -with negative number cavity. It illustrates dependencies of the cavity forms form geometric reciprocal relation body-cavitator and a ring wing. 
EXPERIMENTAL DATA
The theory has been put to many experimental tests in hydrodynamic test tunnel, towing and vertical testing bed [19] . Experimental procedures was allowed the testing models of bodies variously aspect ratio (λ = 5…20) and variously model's head and a ring wings at all hydrodynamic test bed. Figure 6 demonstrates one of type experimental model with a ring wing for towing bench for example. At all experiments numbers of Frude -Fr and cavity -σ was simulated only. Number of cavity is simulated by supported gas (air). Measurements of drag were taken for the qualitative analysis or for the comparison with analogs. Consumption of gas is follows:
Here G, R, T -are gas weight per sec., constancy of gas, temperature of gas accordingly and p o -static pressure in the cavitator zone. On Fig.7 is shown schema of our bench for towing experiments. The schema test vertical bed is shown on Fig. 8 . [20] . Experimental data from water tunnel are compared for wellknown data and used in evaluating the present method. Figure 11 shows for example comparison of cavity forms past disk without ring wing (A) and wormed a ring wing past that disk (B). The number of cavity was constant here.
Fig. 9
Stern cavern with a negative cavitation number formed by a ring type wing 
CONCLUSION
This paper is the first publication about the new method formed controlled supercavitation put forward by Vladimir F. Shushpanov.
The most important quality of supercavitation formed by a ring type wing is possibility to make closing flow with minimum cavitation drag and minimum gas loss, which injection in cavity. But this method formed new type cavitation flow invites further investigation as theoretically as well as experimentally. 
